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ABSTRACT: This study was conducted to investigate the antimicrobial effect of thiamine 
dilaurylsulfate (TDS) on Hummus Dip, a traditional Lebanese food. A heat shock step was 
introduced after hummus cooking and before dip preparation. Lower bacterial counts were obtained 
even in the absence of any preservative and with better texture compared to non-heat shocked dip. 
Supplementing the dip with 2% TDS and 1% Malic acid completely inhibited bacterial growth over 
a period of one month at 4oC. Halt in bacterial growth was confirmed by growth curves. TDS 
induced DNA degradation in different bacterial stains. It induced stress on the growth of the isolated 
Escherichia coliO157:H7as shown by a significant increase in trehalose release (1.8x) after 6 hours 
incubation along with 1% MA.  
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1. INTRODUCTION 
Hummus Dip (HD) is a traditional food that originated in the Middle East since the 13th century that spread 
worldwide.  It is considered to be among the oldest prepared cold foods consumed in Lebanon. It is becoming one 
of the most important dishes in the Western culture as well due to its natural taste and nutritional values (Yamani, 
1994). The main constituents of HD are chickpea, tahini, lemon and salt. It is highly susceptible to spoilage by 
bacteria with short shelf life. Refrigerated, HD is safe for consumption for at most only one week after preparation. 
At room temperature, it may spoil within hours. Salmonella species, Escherichia coli, Listeria monocytogenes, 
and Staphylococcus aureus can grow in hummus dip and lead to its contamination (Yamani, 2011). Escherichia 
coliO157:H7 causes hemolytic uremic syndrome and diarrhea, and has a long history of outbreaks involving raw 
foods and dairy products (CDC, 2011). Contamination with Listeria spp. led to an outbreak of Listeria 
monocytogenes infection in April 2015 in USA and Salmonella outbreak linked to hummus was also reported in 
Columbia in 2011. 
In Lebanon, homemade HD, like many other traditional food recipes, is based on trial and error disregarding 
storage time as they are normally consumed directly. The lack of proper processing of these foods hinders their 
industrial large-scale productions. Hence, food industry needs research to develop processing methods to keep the 
natural taste of these products along with a long shelf life. Due to its high water activity and its susceptibility to 
spoilage by microorganisms, challenges stand to extend its shelf life while maintaining its special taste. HD 
classified as a pseudo pasteurized product as minimal heat treatment is needed during its preparation (boiling for 
45min). Therefore, with this minimal thermal processing, it is difficult to attain commercial sterility making HD a 
favorable environment for different types of microorganisms despite its low pH (Yamani, 2011). 
To achieve very low microbial loads in the final HD product, industries attempt to reduce the microbial load of 
each ingredient through its high hygienic standards during preparation and handling, and through refrigeration and 
addition of preservatives (Gould, 1996). However, due to temperature changes that may occur during 
transportation or storage, microbial spoilage may ensue(Srinivasan, 2008). The difficulties in achieving food safety 
in HD for general consumption coupled with the consumers’ demands for freshness and natural taste with minimal 
additives and acceptable cost make shelf life studies very important along with the formulation and production. 
Therefore, understanding the key factors that prolong the shelf life of HD is very important for its large-scale 
production. The interplay between acidity, additives, and temperature controls its microbial deterioration. Different 
preservatives including sodium benzoate, potassium sorbate (Yamani, 2011), citric acid and Nisin (AL-Holy, 
2006) and Natamax (Hagan, 2011) are used and studied in HD preparations. These chemicals altered either its 
taste or its nutritional value. Therefore, there is an increase interest in finding food preservatives that not only have 
broad antimicrobial spectra but are also beneficial to human health. Thiamine dilaurylsulfate (TDS), a vitamin B1 
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derivative, fits such description. TDS is nontoxic, bland tasting, amphiphilic compound (Choi 2015). The antibiotic 
effects of TDS are due to its structural components, the sodium lauryl sulfate (SLS) and the thiazole ring of Vitamin 
B1(Rykke, 1990). SLS damages biological membranes and inhibits proliferation of microorganisms by disrupting 
protein conformation. The quaternary amine group in the thiazole ring of TDS also perturbs the cytoplasmic 
membrane. It is involved in diverse metabolic processes most importantly carbohydrate metabolism 
(Thorsteinsson, 2003). It has been reported that symptoms of neurological disorders, such as ataxia, may result 
from insufficient trans-membrane absorption of thiamine into cells, which can cause shortness of energy via 
carbohydrate metabolism (Kanatt, 2008). The combination of SLS with thiamine can maintain the antibiotic 
properties of SLS and enhance the trans-membrane transport ability of thiamine in cells. In presence of organic 
acid, such as malic acid, TDS has enhanced activity (Fransisca L, 2012). Malic acid acts as antioxidant with 
flavoring and acidifying properties. It is a natural, lost cost food preservative. Its antimicrobial mode of action is 
attributed mainly to pH reduction in food (Beuchat, 1989) and its low molecular size that permit its entry across 
the cell membrane causing significant damage in the cell cytoplasm (Eswaranandam, 2004). TDS is approved for 
use as a food additive in Korea and Japan (Choi 2015). However, there are few research studies on its antimicrobial 
effects and application. In this study, we aim to examine the effect of using TDS and malic acid on microbial 
growth in HD to extend its shelf life. 
 
2. MATERIAL AND METHOD 
2.1 Sample Preparation 
Chickpeas (1kg) were soaked in water for around 6hr before boiling for 45 min in the presence of a pinch of 
sodium bicarbonate. Softened chickpeas were blended while still hot, then directly stored at 4oC (heat shock) for 
around 10 hour or after cooling to room temperature (no heat shock). Tahini (200 ml of tahini per 1kg of chickpea), 
citric acid (0.3% to 1.4% depending on assay), and salt (29g/kg) were mixed with the blended peas on the following 
morning to obtain the basic smooth Hummus Dip. Four different hummus batches with different drug combinations 
were tested. To four equivalent batches of this mix, 1.4% citric acid (CA) only (Batch A), 0.2%TDS only (Batch 
B), 0.2% TDS and1.4% citric acid (Batch C) or 0.2%TDS, 0.3% malic acid (MA), and 0.2% citric acid (Batch D) 
were added.  Each batch was then aliquoted into 25 g portions and stored refrigerated at 4 oC for testing at 0, 5, 
10, 15, 20 and 30 days. Each test was done in triplicate. 
 
2.2 Bacterial Enumeration 
For bacterial enumeration, the 25 g batches of heat and non-heat shocked HD were diluted with 250ml of peptone 
water.100ul of each sample were spread onto the selective media: Eiosin methylene blue agar (EMB), Xylose 
lysine Deoxycholate agar (XLD), Mannitol salt agar (MSA), and Listeria oxford base agar (LA). All plates were 
incubated at 37oC for 24 to 48 hrs. Typical colonies were counted using colony counter and isolated for later 
identification by 16S rDNA sequencing. 
 
2.3 Bacterial Identification 
To identify the bacteria grown on hummus dip, DNA was extracted from the colonies grown on the diverse 
media used using GenElute™ Bacterial Genomic DNA Kit.16SrDNAwas amplified by polymerase chain reaction 
using the universal primer pair: 27F (5'CATCTCAGTGCAACTAAA3') &1492R 
(5'CAGGAAACAGCTATGAC-3'). The amplified products were sequenced at the American University of Beirut 
core facility. Sequence alignment with bacterial genomes was done using BLAST (Basic Local Alignment) tool.  
 
2.4 Effect of TDS on Different Bacterial Strains 
Effect of TDS was assessed on bacterial strains that were either isolated from HD (Escherichia coliO157:H7), 
or kindly provided by our collaborators (S. typhimurium, L. monocytogenes, S. aureus and B. cereus) using the 
disk diffusion method as recommended by CLSI. Briefly, the test cultures equivalent to 0.5 McFarland Standard 
(1.5 x 108 CFU/ml), were swabbed on the surface of Mueller-Hinton agar plates. Filter paper discs (about 6 mm 
in diameter) impregnated with 25 μl of either 2% TDS, or 1% Malic acid, or their combination were then placed 
on the surface of inoculated plates. The generations of inhibition zones were then measured after incubation at 35 
± 2oC for 24 hrs. Three parallel experiments were conducted for each strain. 
 
2.5 Minimal Inhibitory Concentration (MIC), Minimum Bactericidal Concentration (MBC(, and Time Kill 
Test 
Determinations of MIC, MBC and time kill test were performed according to CLSI guidelines on the five 
bacterial strains used. Sterile Muller Hinton broth (MHB) containing different concentrations of TDS (0, 0.25, 0.5, 
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1, and 2%) were prepared and bacterial cultures equivalent to 0.5 McFarland standard were diluted1:150 in MHB 
to achieve1 x 106 CFU/ml. Next, equal volumes (50 μl) of MHB with and without TDS were mixed with bacterial 
cultures in a 96 well microtiter plate resulting in final desired inoculums of 5 x105 CFU/ml. The plates were then 
incubated at 35 ± 2oC for 24 hrs and the MIC endpoint was determined as the lowest concentration of TDS that 
completely inhibits growth of the organism as detected by the unaided eye. 
For MBC determination, following the MIC test, 50 μl suspension from each well that shows no growth were 
spread onto blood agar plates and incubated overnight at 35 ± 2oC.  The bactericidal endpoint (MBC) has been 
subjectively defined as the lowest concentration yielding a negative microbial growth after incubation. MIC and 
MBC for TDS and MA and their combinations were done separately. 
For time kill test, bacterial suspensions (5×105 CFU/ml) were grown in MHB containing TDS, or TDS and MA 
at 0.25xMICand 1×MIC, and growth control with bacterial cultures only. Test cultures were incubated at 35 ± 2oC 
for time intervals (0, 2, 4, 6, 8, and 24 hrs). The percentage of dead cells was calculated compared to the growth 
control by measuring the absorbance OD at 625nm of each tube. 
 
2.6 Measurement of Intracellular Trehalose 
Trehalose concentrations were determined using trehalose assay kit (K-TREH 01/05) from Megazyme according 
to manufacturer’s recommendation. Five ml of an overnight culture of  the HD isolated Escherichia 
coliO157:H7was grown in nutrient broth and adjusted to 0.5 McFarland, then pelleted by centrifugation for 3 
minutes at 13000 × g. Cell pellet was suspended in 0.5ml distilled water, boiled at 95oC for 20 min. Trehalose 
released was quantified in the supernatant . 
 
3. STATISTICAL ANALYSES 
All statistical analyses were performed using Graph Pad, presented as mean with standard deviations. Statistical 
significance was tested using t-test. Graphs were drawn using Graph Pad prism software. Statistical significance 
is reported as * for p-value between 0.05 and 0.01, ** for p-value between 0.01 and 0.001, and *** for p-value 
less than 0.001. 
 
4. RESULTS AND DISCUSSION 
Thiamine dilauryl sulfate is an antibacterial preservative showing promising results in food technology. In this 
research, we investigated the possible use of TDS as an antimicrobial preservative on the Lebanese Hummus Dip. 
The in vivo effect of TDS and TDS in combination with MA on hummus Dip as well as its direct in vitro effect 
on some foodborne pathogens was observed.  TDS and TDS with organic acids showed   strong inhibitory effect 
on the viable cell counts of bacteria. 
4.1 Characterization of Hummus Samples in Presence of TDS and TDS Formulation 
TDS (2%) was added to hummus dip along with either citric acid CA (1.4%), or combination of malic acid (MA) 
(0.2%) and CA (0.3%), or MA (1%).  Changes in color, pH, and bacterial growth were monitored over a period of 
one month and compared to control (Batch A). Control Hummus dip was light beige in color, ultra-smooth and 
creamy in texture with agreeable taste. No color changes were observed in all prepared batches over the period of 
the study, i.e. one month. Similar results were obtained by Koo et al. where TDS was used in the preservation of  
tofu, TDS also did not cause any changes neither in the texture nor in the color of the meat over a period of 5days 
at 5oC (2018). 
 
4.2 Measurement of pH of Hummus Dip 
The pH of the different batches of the heat shocked (HS) or non-heat shocked (NHS) hummus dip was measured 
at day 0, 5,10,15,20, and30. Fig. 1 illustrates the changes of pH with time of the different batches. No variations 
in pH were observed during the period studied. However, the addition of citric acid and malic acid in combination 
with TDS caused a significant decrease in pH compared to control with no effect on taste, color, nor texture. A 
slight decrease in pH was noticed in the TDS treated dip with heat shock versus no heat shock. However, no 
correlation between the pH variation in control and TDS-treated batches of the dip was found (p>0.05) and no 
correlation in pH variation between heat shock and no heat chock (p>0.05). Therefore, TDS is able to stabilize the 
pH of HD at least for one month at 4oC.The inhibitory effect of TDS on bacterial growth is pH dependent. TDS 
is more effective under acidic conditions (Wei, 2014).  
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Fig. 1 Changes of pH of hummus dip with time. Fig. 1A and 1B refer to the hummus dip prepared without 
heat shock and with heat shock respectively in the presence of different additives. 
4.3 Bacterial Growth in Hummus Dip 
The different batches of the heat and non-heat shocked HD were monitored for microbial growth in the absence 
and presence of the preservatives. Colonies grown over the different media were counted using colony counter. 
Table 1 summarizes the results. Heat shock treatment induced a significant decrease in the bacterial count even in 
the absence of any additive .It was effective in slowing down bacterial growth up to date 10 in control batches. 
The effect was more pronounced on Gram-negative versus Gram-positive bacteria. TDS in combination with MA 
alone completely abolished bacterial growth in both heat and non-heat shocked HD batches. The effect was similar 
upon adding CA to the TDS and MA combination in the heat-shocked batches where no bacterial growth was 
observed. However, this combination inhibited bacterial growth in the non-heat shock batches only up to 15 days. 
 
Table 1: Number of Gram-positive vs. Gram-negative bacteria isolated from the hummus dip prepared with and 
without heat shock. 
 
4.4 Identification of Isolated Bacteria Grown in Hummus Dip 
Isolated Gram-negative and Gram-positive bacteria were initially distinguished based on their morphology and 
their color. Their identity was confirmed through 16SrDNA sequencing. Both Gram-positive and Gram-negative 
bacteria were isolated. Sequencing of the 16SrRNA identified the isolated bacteria as Bacillus licheniformis 
Xmb047, Bacillus safensis ADU20, Bacillus subtilis RG1, and Bacillus subtilis I IRN-220. Additional pathogenic 
bacteria were isolated from control untreated hummus dip included Citrobacter freundii SL151, Escherichia 
Days   Control   2%TDS +1.4%CA  2%TDS+0.2%MA+0.3%CA  2%TDS+1%MA 
No HS HS No HS HS No HS HS No HS HS 
Gram 
+ 
Gram- Gram 
+ 
Gram- Gram 
+ 
Gram- Gram 
+ 
Gram- Gram 
+ 
Gram- Gram 
+ 
Gram- Gram 
+ 
Gram- Gram 
+ 
Gram- 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 37 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 40 133 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 114 197 0 150 0 0 0 0 0 0 0 0 0 0 0 0 
20 212 290 48 212 54 0 69 24 17 0 0 0 0 0 0 0 
30 417 540 210 470 120 0 89 30 25 0 0 0 0 0 0 0 
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coliO157:H7, Proteus mirabilis JCM 1669, and Staphylococcus saprophyticus A6 proving the efficacy of TDS as 
a strong antimicrobial food preservative. 
4.5 Effect of TDS on Bacterial Growth 
Different methods were used to assess the effect of TDS alone and in combination with MA on bacterial growth, 
agar diffusion methods, MIC, MBC and time kill curve. TDS alone and in combination with MA was effective in 
inhibiting the growth of Escherichia coliO157:H7, Salmonella typhimurium, Staphylococcus aureus and Listeria 
monocytogenes. However, Bacillus cereus was susceptible to TDS + MA combination only. 
 
4.6 Agar Diffusion Method 
Sensitivity of isolates to TDS or combination of MA and TDS was establishedbased on zone of inhibition. 
Bacteria that were sensitive to TDS showed inhibition zones d>10 mm included Escherichia coliO157:H7, 
Salmonella typhimurium, Staphylococcus aureus and Listeria monocytogenes. However, Bacillus cereus were 
resistant to TDS alone where the inhibition zone diameter was small (d<10mm) but sensitive to the combination 
of TDS and MA (d>10mm) with inhibition zone diameter d<10mm and susceptible to TDS.  
4.7 Determination of Inhibitory Concentration 
The minimum inhibitory concentration (MIC) of TDS and TDS/MA combination against the bacteria studied 
were determined. TDS exhibited a strong inhibitory effect on E.coliO157:H7 and Salmonella typhimurium at 0.5% 
whereas 0.25% TDS was effective on Staphylococcus aureus and Listeria monocytogenes. A higher TDS percent 
(0.8%) was needed to inhibit the growth of Bacillus cereus. The concentration of MA alone needed to inhibit the 
growth of these bacteria were higher (4%). However, when combined with TDS a lower MA concentration was 
effective in the annulations of bacterial growth. The effective concentration of the combined preservative were 
0.2% TDS and 0.006% MA. 
 
4.8 Microbial Growth/Time kill Curve 
Microbial growth curves were generated for E.coliO15H:7 that was the most sensitive bacterium to TDS, and 
for Bacillus cereus that was the most resistant (Fig. 2).  Bacteria were grown either alone or in the presence of 
TDS or TDS and malic at 0.25xMIC and 1×MIC. Cells were incubated at 37 oC for 0, 2, 4, 6, 8, and 24 h. Then, 
the percentage of dead cells is calculated compared to control by determining the number of living cells by 
measuring absorbance OD at 625nm of each tube using the agar plate counting method. No change in absorbance 
was observed in the presence of 0.006% MA and 0.2%TDS for both bacteria tested compared to control that 
showed normal growth. Bacterial growth did not change from time 0 over a period of 24 hr. The percentage of 
TDS that let to growth halt of E. coli and Bacillus cereus were 0.25%and 0.8% respectively. 
In vitro, the concentration needed to cause large growth inhibition for both E.coli and Salmonella was 2% as 
determined by agar disk-diffusion method (15mm and 12.5mm respectively). This concentration is similar to the 
concentration applied in custard cream as described by Choi et al. (2015). The addition of MA along with TDS 
did not alter the inhibition zone for E.coli but it caused a significant increase in the case of Salmonella where it 
increased significantly (p<0.05) (15mm for E.coli and 16.5mm for Salmonella) implying the positive role of MA 
in pathogen elimination. The effect of MA with 2% TDS was confirmed as well on Gram-positive bacteria where 
the inhibition zone for Staphylococcus aureus, Bacillus cereus, and Listeria monocytogenes doubled 
approximately (p-value <0.05).The insensitivity of Bacillus cereus against TDS alone can be attributed to distinct 
structural characteristics of B. cereus spores (Montville, 2008).These spores have a multilayer structure to protect 
DNA and essential proteins from harmful environmental stresses. 
All the antimicrobial tests performed showed that the Gram-negative bacteria E.coli and Salmonella were 
sensitive to TDS more than the Gram-positive bacteria Staphylococcus aureus, Bacillus cereus, and Listeria 
monocytogenes. The results are in agreement with results obtained by Choi et al. (2015). The growth inactivating 
effect of TDS on Gram-negative bacteria is similar to the effect of other antimicrobial peptides. The antimicrobial 
peptides are firstly attracted to the target bacterial surface by electrostatic interaction between the positive charge 
on the peptides and the negative charge on the surface of the bacterium(Brogden, 2005).After attraction to the 
target surface, these peptides are able to disturb the cytoplasmic membrane by forming ion channels, 
transmembrane pores and eventually causing cell lysis (Murray, 2009).The net negative charge on the surface of 
Gram-negative bacteria is attributed to the anionic phospholipids and phosphate groups of lipopolysaccharides on 
the outer envelope. While teichoic acids and lipoteichoic acids on the surface of Gram-positive bacteria contribute 
to its net negative charge (Chung, 2004). According to Chung et al., Gram-negative bacteria demonstrate a higher 
negatively charged density distribution than that of Gram-positive bacteria.  
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 Fig. 2 Effect of TDS on E. coli and Bacillus cereus Growth. Panels A and B show curves generated for E. 
coli and panels C and D shows curves generated for Bacillus cereus and respectively. Data presented is the 
mean ± SEM of 3 determinations from three different experiments. 
 
This mechanism can apply to the different inactivation effect of TDS depending on the type of bacteria. As the 
bacteria were treated with MA, significance increase in the inhibition zone was observed among Salmonella, 
Staphylococcus, Bacillus, and Listeria. This, as well, is in agreement with the results obtained by Wei et al. (2014). 
Bacillus spp. was the major spp. to survive in HD in presence of TDS. Bacillus spp. was able to survive as well in 
custard cream and in rice as shown by Choi et al. (2015) and Lee et al. (Lee, 2010)  respectively.  
In custard, the TDS concentration used was identical to that used in our study; while in rice, TDS was used at 
0.1% ppm (Lee, 2010). This implies that TDS formulation should be in concordance with the type of food prepared. 
 
 
4.9 Trehalose Assessment 
Trehalose is stress molecule secreted by bacterial cells during stress(Alan D. Elbein YTP, 2003). Trehalose 
release by E.coliO15H7was evaluated after incubation with TDS and combination TDS and MA for 6 hr. Bacterial 
growth was monitored by measuring optical density at 625 nm and by plating method. At zero time, no significant 
release of trehalose was observed in the presence and absence of any additive.  However, after 6hr incubation with 
TDS or combination TDS and MA, a significant increase in trehalose release was observed (p<0.05). Reduction 
in cell viability was observed in the presence 1% MA and 1% CA. However, complete inhibition of cell growth 
was obtained in the presence of 2% TDS and combination of TDS/ MA/CA. Therefore, TDS is inducing stress 
leading to cell death as confirmed by increase in Trehalose level. Trehalose is a non-reducing sugar produced by 
many organisms including bacteria, yeast, fungi, insects, invertebrates, and higher plants but in mammals. It is 
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used as an energy source during stress (Becker, 1996). It protects microorganisms from damage by oxygen 
radicals(Bell W, 1992), cold (Kandror, 2002), and  heat (Leopold, 1986 ). 
 
4.10 TDS Induces Bacterial DNA Fragmentation 
The effect of TDS on the integrity of bacterial DNA was also assessed. DNA was extracted from E.coli, Bacillus, 
Listeria, and Salmonella grown in the absence or presence of 2% TDS or combination 2% TDS and 1% MA for 6 
hr. Fig. 3 shows that TDS induces DNA fragmentation in all bacteria tested as illustrated by the smearing in the 
gel. The combination of both preservatives degraded completely all genomic DNA of all bacteria. The increase in 
trehalose level induced by TDS was not enough to protect against cellular damage as confirmed by DNA 
fragmentation and degradation. 
 
Fig. 3 Effect of TDS on DNA integrity. DNA extracted from bacteria treated with TDS and combination of TDS 
and MA were analyzed on 1% agarose gel. DNA was visualized with ethidium bromide after UV illumination. 
1)1Kb DNA Ladder, 2) DNA from Bacillus cereus, 3) DNA from Bacillus cereus with 2%TDS , 4)Bacillus 
cereus 2%TDS+1%MA, 5) Listeria monocytogenes, 6) Listeria monocytogenes with 2%TDS, 7) Listeria 
monocytogenes with 2%TDS+1%MA, 8) Salmonella typhimurium, 9) Salmonella typhimurium with 2%TDS, 
10) Salmonella typhimurium with 2%TDS+1%MA,11) E.coliO15H7, 12) E.coliO15H7 with 2%TDS,13) 
E.coliO15H7 with 2%TDS+1%MA. 
 
5. CONCLUSIONS  
A. TDS induced stress on bacterial growth leading to DNA degradation.  
B. Inclusion of a heat shock step in the preparation of the hummus dip significantly reduces bacterial growth 
regardless whether a preservative is added or not.  
C. The addition of TDS or combination with MA delayed bacterial growth for one month without affecting the 
taste, pH, or color. 
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